Design -The place of death was registered on all death certificates in Sweden during the period 1987-90. The proportion of deaths outside hospital was calculated at the national level for selected causes of death. Variation in cause-specific mortality among the 26 administrative health areas in Sweden was analysed. Death rate ratios were calculated with standardisation for age and sex using the national rate as standard. The correlation between the proportion of deaths outside hospital in each health area and the cause specific mortality irrespective ofplace ofdeath was calculated. For areas with a significantly high death rate the ratios for mortality outside hospital as well as in hospital were analysed in order to decide which component of mortality represented a high mortality risk.
Setting and participants -All death registration in Swedish citizens and other residents in Sweden aged under 70 years between 1987 and 1990 which gave diabetes, asthma, ischaemic heart disease, cerebrovascular diseases, or ulcer of the stomach or duodenum as the underlying cause of death.
Main results -For asthma (58%) and ischaemic heart disease (54%), most deaths occurred outside hospital. For most causes of death, however, no correlation was found among the health areas between the proportion of deaths outside hospital and the SMR for mortality irrespective of the place of death. A high death rate was associated with a high proportion of deaths outside hospital, for diabetes in one area in the north of Sweden (Norrbotten) and for ulcer of the stomach and duodenum in one large municipality (Goteborg). Conclusions -The high proportion of deaths outside hospital at the national level for some ofthe conditions studied suggests that in-depth studies of the process preceding death and the functioning of medical care are needed. In most cases, however, no evidence was found that regional variation in mortality could be explained by death outside hospital. The results for diabetes in Norbotten and ulcer of stomach and duodenum in Goteborg indicate that in-depth studies on the quality of care are required.
(J7 Epidemiol Community Health 1996;50:326-333)
The concept of studying "avoidable" mortality as an indicator of the outcome of health care has been used in many studies from different countries.`-5 The idea is that high death rates for conditions for which health services may influence mortality outcome is a warning signal that in-depth studies on During the years 1987-90 the death certificates also included information on the place ofdeath. These data were coded at the National Central Bureau of Statistics and were registered in the data base together with the cause of death. From the cause of death register data it was possible to decide whether the deaths had occurred in hospital or outside hospital.
For this study, data on the underlying cause of death and the place of death were collected by age, sex, and health administrative area between 1987 and 1990. In Sweden health and medical care is the responsibility of 26 health administrative areas (23 county councils and 3 municipalities) and these areas (number of areas k = 26) were used in the analyses (table  1; fig 1) .
Analyses were performed for the five causes of death: diabetes, ischaemic heart disease, cerbrovascular disease, asthma, and ulcer of the stomach and duodenum. These causes of death have been found to be common enough to perform analyses of regional variation in Sweden.5 Analyses were restricted to ages 0-69 years. In this age group, all Swedish deaths from the five causes were included in the analyses without any further selection. The number of deaths and the mean annual death rate were calculated for each cause of death. Analyses were performed for deaths in hospital, deaths outside hospital, death with unknown place of death as well as for total numbers of deaths. The proportion of deaths outside hospital was calculated for each cause of death. The autopsy rate was calculated for deaths in hospital and deaths outside hospital respectively based on the notifications on the death certificates.
The age and sex distribution of the population differed between the different health areas.28 In order to compare the mortality in administrative health areas, direct standardisation for age and sex was performed (five year age groups).29 (Direct and indirect standardisation gave equal results.)
The null hypothesis that there was no variation among the areas -that is, that all area death rates were equal to the national standard, was tested using a X% analysis (df= k-1 = 25)(5,30,3 1). Table 3 The number of deaths and the proportion of deaths followed by autopsy for selected causes of death in people aged 0-69 years in Sweden between 1987 and 1990 in relation to place of death When the null hypothesis is true all the observed variations are due to random variation. Assuming the null hypothesis, the mathematical expectation of the X' distribution is the degree of freedom of the distribution. Therefore the random component of the variation was estimated as the number ofthe degree of freedom (k-1) of the X' distribution divided by the total number of deaths. The systematic (non-random) component of variation was estimated as the observed variance minus the random variance, that is:
where oi represents the observed number of deaths and el the expected number of deaths in each area (i) according to the national standard.30 These measures of variance have been established, tested and described in more detail in earlier studies.51"
As described by Rothman The relationship between death rate ratios for deaths outside hospital and deaths in hospital was tested using Pearson's product-moment correlation. The coefficient of correlation and the level of significance of the correlation was tested.
In order to decide whether the proportion of deaths outside hospital may have an influence on the total death rate, the correlation between the standardised proportion of deaths outside hospital and the standardised death rate ratio for all deaths was also analysed.
For the statistical analyses the Statistical Analysis System (SAS) was used. '4 Results The number of deaths and the mean annual death rate in those aged 0-69 years for selected causes of death are shown in table 2. The results are also grouped as deaths in hospital and deaths outside hospital. The place of death was specified for between 97 and 99% of the deaths. The highest proportion of deaths outside hospital was found for asthma (58%) and for ischaemic heart disease (54%). The corresponding figure for ulcer of the stomach and duodenum was 44% and for diabetes it was 31%. For cerebrovascular disease only 16% of the deaths occurred outside hospital in the age group studied.
The autopsy rate differed for the different causes of death and for different places of death (table 3) . In general, the autopsy rates for deaths outside hospital were higher than for those in hospital. For instance, nearly all deaths from ulcer of the stomach outside hospital (96%) were followed by necropsy. For cerebro- Table 4 The vascular disease, 85% ofdeaths outside hospital were followed by necropsy while the same was true for only 28% of the deaths in hospital.
The corresponding figures for asthma were 77% outside hospital and 34% in hospital, for ischaemic heart disease they were 75% outside hospital and 47% in hospital and for diabetes 51% outside and 33% in hospital. The observed and systematic (non-random) variance in mortality in administrative health areas irrespective of place of death is shown in table 4. The variation was significant for all selected causes of death. The systematic variance ranged between 0-039 (ulcer of stomach and duodenum) and 0-014 (ischaemic heart disease), which corresponds to SDS between 20 and 12%.
The correlation between the standardised death rate ratios (compared to the national standard) for deaths in hospital and deaths outside hospitals among the administrative health areas is shown in table 5. For cerebrovascular disease, ischaemic heart disease, and diabetes the correlation was significant. Thus, Death rate ratio in hospital For each area and cause of death the standardised death rate ratios are shown for deaths outside hospital, deaths in hospital, and total deaths irrespective of place of death. For diabetes in the county ofNorrbotten the high total mortality was associated with a high rate for deaths outside hospital while the death rate in hospital did not differ from the national standard. For diabetes in the county of Gavleborg, however, a high death rate was found for deaths in hospital. In Norrbotten, causes of death other than diabetes (cerebrovascular disease, asthma) also showed an opposite result with a significantly high rate for deaths in hospital. In the municipality of Goteborg, a high rate was found for deaths from ulcer of the stomach and duodenum outside hospital. This result was associated with a high total mortality for ulcer of the stomach and duodenum in Goteborg. 27 48 For chronic diseases, such as diabetes and asthma, the death rates would be higher using multiple causes of death -that is all causes mentioned on the death certificate -when compared with the underlying cause of death.49-5' An earlier study has, however, shown that this does not influence the regional variation. Areas with higher death rates than the national standard using underlying causes of death also showed the same result when multiple causes of death were used.5'
The validity of the cause of death for deaths outside hospital may theoretically be more uncertain since physicians may not follow and register events in the last period of life. A study from Oxford showed that for some conditions, among them diabetes, asthma, and peptic ulcer, death certificates in a significant number of cases did not mention these conditions when death occurred four weeks or one year after admission to hospital.52 The Swedish autopsy rates outside hospital were, however, higher than those in hospital, which may increase validity ofthe causes of death for deaths outside hospital. 53 Several reports have emphasised the role of the autopsy in modem medical care. There has, however, been a decline in the autopsy rate in Sweden as well as in many countries during the last decades.5455 One ofthe functions of the autopsy is to ensure the accuracy of death certificates. Considerable discrepancies have been shown between clinical diagnosis and 48535651 7 autopsy diagnosis. For acute myocardial infarction and peptic ulcer, the discrepancy has mainly been low sensitivity of the clinical diagnosis when compared with the autopsy findings.5657 In a study from a Swedish university hospital in the late 1980s, these conditions were diagnosed at autopsy in only about half of the autopsied cases.57 The autopsy rate in that study was 38%. Hypothetically, more cases of myocardial infarction and peptic ulcer may have been detected if more autopsies had been performed. One cannot, however, be sure that a higher autopsy rate would increase the death rates for these conditions. The autopsied cases may be selective, reflecting deaths in which the clinical diagnosis was especially uncertain.5758 This is in accordance with the Swedish law which states that an autopsy must be performed when the cause of death is unclear. 59 In this study the autopsy rate was lower for death at hospital than for death outside hospital. Further studies would be needed to decide whether the autopsy rates systematically influence the observed death rates for different causes and places of death. 60 According to the concept of avoidable mortality, high area death rates are warning signals indicating that in-depth studies on the quality of care are needed.'5 These in-depth studies should also include analyses of the appropriateness of death certificates.560
This study was limited to five common causes of death for which the acute management at hospital may be of importance. In most cases, no evidence was found that the proportion of deaths outside hospital had influenced the regional variation in mortality. For ulcers of the stomach and duodenum in the municipality of Goteborg and for diabetes in the Norrbotten area, however, high death rates were associated with a high proportion of deaths outside hospital suggesting further studies on the quality of care are needed.
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